The RLS prevalence and associated symptoms of children were defined with a questionnaire. There was no statistically significant difference between the 2 groups regarding the age and gender. Moreover, RLS prevalence was also similar in both groups (3.5% vs 3.0% in CD and control groups, respectively, p=0.98). However, interestingly, in CD group, the mean age of the patients at the onset of RLS symptoms was statistically significantly younger (p=0.02) and the disease was more severe (p=0.026) than the control group. In correlation analysis in CD group, the RLS severity significantly negatively correlated with serum ferritin, folic acid or 25 (OH) vitamin D levels in Celiac disease group. In this study we did not determine an increased prevalence of RLS in children with CD. However, in CD group, the age at the onset of RLS symptoms was significantly younger and the disease was more severe in CD group compared with the control cases.
Celiac disease (CD) is an immune-mediated enteropathy triggered by ingestion of dietary gluten in genetically predisposed individuals. 1 In clinical practice CD is clearly related to malabsorption, iron deficiency, osteoporosis, and an increased risk of lymphoma as well as extra-intestinal symptoms especially associated with autoimmune diseases including diabetes mellitus type 1 and thyroiditis. 2, 3 Restless legs syndrome (RLS), is a sensorimotor defect which consists of a discomfort in one's legs causing an irresistible desire to move them most commonly occurring in the evening or at night. 4 The symptoms generally disappear with movement but get worse during rest periods. 5 RLS is a common clinical syndrome effecting about 5-15% of the general population. 6, 7 Although the dopaminergic pathways and iron metabolism in the substantia nigra has been accused; the pathogenesis of RLS still could not be elucidated clearly. 8, 9 Regarding the immunogenic pathway and/or iron deficiency anemia as causative factors, RLS may be related with CD.
In literature, the data about the association of RLS with CD is limited. In this study, we aimed to determine the prevalence of RLS in children with CD and to investigate the associated factors for RLS such as iron and vitamin levels.
Material and Methods

Study participants
This cross-sectional study was performed at the Department of Pediatrics, Sütçü İmam University Hospital, Kahramanmaraş, Turkey between March 2015 and June 2016. Totally 494 children with the ages ranging between 11-18 years living in Gaziantep and Kahramanmaraş were included. Among those, 226 were under follow-up for CD and constituted the study group while the other 268 children without any symptoms or signs associated with CD established the control group. The patients of the control group were selected from the patients who were admitted to our hospital for acute diseases such as upper airway infection and who were not diagnosed with any chronic diseases before. The diagnosis of CD was based on serum positivity for EMA IgA and/or antitissue transglutaminase and on histopathological findings of the intestinal mucosa. The patients with CD were classified according to the Marsh classification system. 10, 11 All celiac patients were under gluten free diet (GFD) but for different time periods (3 months-5 years).
Informed consent was obtained from the parents of all children and the study was approved by the local ethics committee. There was no patient previously diagnosed with RLS who was included in or excluded from the study.
The demographic data, educational status and routine laboratory data of children including complete blood count, ferritin, vitamin B12, folate and 25 (OH) vitamin D levels were recorded. The RLS prevalence and associated symptoms of children were defined with a 30-questioned questionnaire. The RLS was diagnosed according to the International RLS Study Group (IRLSSG) diagnostic criteria and symptom severity was evaluated using the IRLSSG rating scale. 12 
Statistical analysis
Statistical analyses of the data were performed with the SPSS program (Statistical Package for the Social Sciences version 21, Chicago, IL, USA). The quantitative variables were described as the mean ± SD and the categorical variables as the frequency and percentage. Comparisons of demographic features and biochemical data of groups were performed with student t test. Pearson correlation analysis was performed to determine the association of biochemical data with the age at the onset of RLS symptoms and disease severity in CD group. A P value <0.05 was considered statistically significant.
Results
Totally 494 children, 226 in CD group with a mean age of 13.20±2.62 years and 268 in control group with a mean age of 13.62±1.02 years, were included in this study. There was not any statistically significant difference between 2 groups regarding the age, gender and educational level (Table I) . Moreover, RLS prevalence was also similar in both groups (3.5% vs 3.0% in CD and control groups, respectively, p=0.98). However, interestingly, in CD group, the mean age of the patients at the onset of RLS symptoms was statistically significantly younger than the control group (p=0.02). The general characteristics and laboratory data of subjects included in the study are summarized in Table I .
When the patients diagnosed with RLS were sub-grouped as mild, moderate or severe; in the CD group among 8 RLS cases; 2 were mild and 6 were in severe group while in control group among 8 RLS cases; 4 were mild and 4 were in moderate group and there was a statistically significant difference between 2 groups regarding the severity of RLS (p=0.026).
All celiac patients diagnosed with RLS had Marsh type 3a (n=2) or 3b (n=2) in duodenal biopsy. When celiac patients were sub-grouped regarding the presence or absence of RLS, and those 2 groups were compared for the laboratory data (Table II) ; serum ferritin and 25 (OH) vitamin D levels were statistically significantly lower in patients diagnosed with RLS.
In correlation analysis in CD group, there was not any statistically significant association between the age of the patients at the onset of RLS symptoms and serum hemoglobin, ferritin, Vitamin B12, folic acid and 25 (OH) vitamin D levels (Table III) . However, the RLS severity significantly negatively correlated with serum ferritin, folic acid or 25 (OH) vitamin D levels in CD group.
Discussion
In this study, we have investigated the RLS prevalence and associated factors in children with CD and did not determine any statistically significant difference between CD patients and control group regarding the RLS prevalence. However, interestingly, the onset of symptoms of RLS was reported at a younger age and the disease was more severe in CD group compared with the control cases. Moreover, the celiac patients with RLS all had received Marsh 3 type of CD diagnosis on duodenal biopsy and had significantly lower serum ferritin and 25 (OH) vitamin D levels compared with the CD patients without RLS. Additionally, the RLS severity significantly negatively correlated with serum ferritin, folic acid and 25 (OH) vitamin D levels in CD group.
The data about the association of RLS with CD is limited in literature. Moccia et al. 13 reported RLS prevalence as high as 31% in 100 adult CD patients which was significantly higher than the prevalence in the control population (4%). Moreover, they defined the average severity of RLS in CD population as moderate and they did not define any significant correlation between RLS and either gluten-free diet (GFD) or iron metabolism. Weinstock et al. 14 reported the prevalence of RLS as 25% in 85 CD patients which was statistically significantly higher than that of their spouses (10%). They reported that, after GFD, the RLS symptoms improved in 50% of patients. On the other hand, Marild et al. 15 investigated the sleep disturbances among patients with CD in a nationwide casecontrol study and reported the RLS prevalence as 0.6% both in CD group (19/2933) and in the controls (89/14 571). Cirikcioglu et al. 16 investigated 96 RLS patients and 97 healthy controls for the presence of CD antibodies and reported that the prevalence of these antibodies was not significantly different between the 2 groups. In this study, we have determined the RLS: restless leg syndrome RLS prevalence as 3% in CD group, which was similar with the control group and we did not determine an increased prevalence of RLS in children with CD when compared with the control cases. In our study, the population was very heterogeneous with a large range of age and moreover, the time passed from the diagnosis or the time passed with GFD was quite different among the patients. This may be the main reason why we did determine the RLS prevalence lower than previous studies and we did not determine any significant difference between Celiac patients and controls regarding the vitamin levels. Low level of education was independently associated with restless legs syndrome in the Dortmund Health Study 17 . In this study, we did not determine any difference regarding educational level of patients between 2 groups and for that reason; it may not affect RLS results.
To the best of our knowledge, in this study, for the first time in the literature, we have reported a negative correlation between the RLS severity and serum ferritin, folate and vitamin D levels, in patients with CD. In the pathophysiological aspect, the circadian rhythm of the RLS symptoms has been associated with the circadian fluctuation of dopamine in the substantia nigra. 18, 19 Medications that increase the dopaminergic activity have been reported to diminish RLS symptoms. 20 In that aspect, iron, which is a cofactor in dopamine production, has a central role in pathophysiology of RLS. 21 The role of iron deficiency in the pathophysiology of RLS and a negative correlation of serum ferritin levels with symptom severity has been shown in previous studies. 22, 23 Similarly, in a recent study Cho et al. 24 also reported that patients with more severe RLS symptoms had significantly lower ferritin levels. In another study, Sloand et al. 25 showed that the high-dose iron dextran infusion or addition of iron supplements in some patients with anemia could reduce the severity of symptoms. However, the data about the association of iron stores with RLS in celiac patients is limited. Manchanda et al. 26 suggested the investigation for CD by simple serologic tests in patients with RLS and low serum ferritin levels without an obvious cause for iron deficiency. Although, there was not a significant difference regarding serum ferritin levels between CD patients and control cases, we determined significantly lower ferritin levels in celiac patients with RLS compared with the celiac patients without RLS, supporting this data. Moreover, there was also a negative correlation between the ferritin levels and symptom severity in CD group encouraging the association of iron stores with the RLS pathophysiology.
In the literature, the data about folic acid and RLS is generally restricted to pregnant women. Lee et al. 27 reported that compared with those without complaints of RLS, those with restless legs had significantly lower folate levels. Vahdat et al. 28 determined the prevalence of RLS as 17.8% in 443 pregnant women and did not determine any significant differences between the 2 groups in terms of folate and iron supplementation or hemoglobin levels. Recently, Altunayoglu et al. 29 investigated the prevalence and associated factors of RLS among a random sample of 3789 adults in our country and reported the prevalence as 4.5% and did not determine any differences in serum folic acid levels between the patients and controls. In this study, we did not determine any significant difference between CD patients and the control group regarding the serum folate levels but in CD group, among patients with RLS there was a negative correlation between serum folate levels and symptom severity. Folic acid therapy has been suggested to improve the symptoms of RLS which may There are some limitations of this study that should be mentioned. CD patients were all under GFD which may alter the RLS symptoms and laboratory data. Our study group was very heterogeneous regarding the time passed under GFD which may be the reason of differences between our results and the previous literature. One more point is that the questionnaire performed in this study was not validated in Turkish population but the RLS was diagnosed according to the IRLSSG diagnostic criteria. Although all celiac patients included in the study were under GFD for different time periods, we did not ask any questions about the compliance of patients or we did not analyze the antibody positivity rate during the study.
In conclusion, in this study we did not determine an increased prevalence of RLS in children with CD. However, in CD group, the age at the onset of RLS symptoms was significantly younger and the disease was more severe in CD group compared with the control cases. In CD patients with RLS, serum ferritin and 25 (OH) vitamin D levels were significantly lower than those of CD patients without RLS. Moreover, there was a negative correlation between the serum ferritin, folate and vitamin D levels and symptom severity in CD group. To the best of our knowledge, this is the first study in literature evaluating the associated factors of RLS in children with CD. Larger studies with longer follow-up periods are warranted to elucidate the association of RLS with CD.
